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ABSTRACT 
Kent, D. V. and Spariosu, D.J., 1983. High resolution magnetostratigraphy of Caribbean 
Plio-Pleistocene deep-sea sediments. Palaeogeogr., Palaeoclimatol., Palaeoecol., 42" 
47--64. 
The ability of the hydraulic piston corer (HPC) to recover virtually undisturbed sec- 
tions of semi-consolidated deep-sea sediments uitable for paleomagnetic study was first 
demonstrated on Leg 64 and Leg 68 of the Glomar Challenger. Reported here is a com- 
plete magnetostratigraphy for a 150 m section of Plio-Pleistocene pelagic deposits 
recovered at Site 502 in the Caribbean. Correlation of the magnetic polarity zones to the 
well-dated standard sequence of geomagnetic polarity reversals provides a precise geo- 
chronological framework for age-calibration of calcareous plankton fossil datums and 
which, combined with the moderate to high sedimentation rates (24--38 m/m.y.), present 
an opportunity to study paleoenvironmental v riations in the Early Pleistocene and the 
Pliocene with a time control and resolution heretofore possible only in Late Pleistocene 
deep-sea sediment cores. 
INTRODUCTION 
Since the discovery in the 1960's  that  the record of  geomagnet ic  polar i ty  
reversals is preserved in deep-sea sediments (Harrison and Funnell ,  1964;  
Opdyke  et al., 1966),  magnetostrat igraphic  correlat ion has developed as a 
standard dating method for  Neogene sediments. Correlat ion of  the observed 
polar i ty  succession to the age-cal ibrated standard sequence of geomagnet ic  
polar i ty  reversals has provided age est imates for impor tant  Late Miocene to 
Late Pleistocene fossil datums (Hays and Opdyke ,  1967; Hays et al., 1969; 
Gartner,  1973; Saito et al., 1975),  for  the boundar ies of  the P l iocene--  
Pleistocene (Glass et al., 1967;  Berggren et al., 1967; Haq et al., 1977) and 
the Miocene--P l iocene (Ryan et  al., 1974;  Saito et al., 1975),  and for various 
pa leooceanographic  and paleocl imatic phenomena recorded in the sediments 
(Shackleton and Opdyke,  1973, 1976, 1977; Keigwin and Shackleton,  1980).  
Recent ly ,  the appl icat ion of magnetostrat igraphic  techniques to terrestrial 
deposits is contr ibut ing to the geochronology of Neogene vertebrate  fossil 
zonat ions wor ldwide ( Johnson et al., 1975;  Opdyke  et al., 1977, 1979).  
003:[-0182/83/$03.00 © 1983 Elsevier Science Publishers B.V. 
48 
The geomagnetic field has reversed its polarity at widely variable and ran- 
domly distributed intervals. The only property that distinguishes polarity 
zones from each other is their relative duration in a sequence. The longer and 
more continuous the sequence, the more likely that a pattern of polarity 
intervals characteristic of some portion of the geomagnetic polarity time-scale 
will be identified with some confidence. In practice, other information of 
geochronological significance is used to narrow the search. 
The principal source material for magnetostratigraphic--biostratigraphic 
correlation in the Late Neogene is the conventional piston core of deep-sea 
sediments. The practical limitation of conventional piston cores to about 
30 m in length imposes a constraint on either the temporal resolution or 
duration represented by the recovered section. Thus, either an expanded, 
high resolution section of relatively young sediment or a compressed, low 
resolution section presenting a long time interval is obtained. In some 
circumstances it is possible to either extend the stratigraphy back in time or 
to obtain expanded portions of certain older intervals if hiatuses have 
removed an intervening portion of the column. One must wonder though if 
undetected hiatuses are also present in the recovered section which would 
add uncertainty to the identification of polarity zones as well as to the fossil 
ranges. 
Rotary drill coring overcomes limitations to the length of sections but the 
recovered cores of semi-consolidated Neogene sediments typically show 
extensive drilling disturbance. Few successful magnetostratigraphic studies 
on this disrupted material have therefore emerged. Sediment mixing from 
drilling disturbance also degrades the resolution of biostratigraphic informa- 
tion. 
These problems have now been largely resolved with the innovation of the 
hydraulic piston corer (HPC). This technique combines the generally undis- 
turbed nature of conventional piston cores with the great depth penetration 
possible with a drill string. The ability to recover long, relatively undisturbed 
sections of Late Neogene sediments, suitable for detailed magneto-biostrati- 
graphic study, was demonstrated in the first extensive use of the HPC 
device on Leg 68. We report here the successful first attempt o obtain a 
magnetic reversal stratigraphy on HPC material, at Site 502 in the Caribbean. 
Lithological and biostratigraphic setting 
Site 502 is located at 11.5°N lat., 79.3°W long., in the Venezuela Basin of 
the Caribbean. A virtually complete sequence, a total of 229 m thick, of 
Upper Miocene to Recent sediments was recovered in four adjacent, strati- 
graphically overlapping holes. The sediment consists of foram-bearing nanno 
marl which grades to calcareous and ash-bearing clay with depth. The section 
can be divided into four lithostratigraphic subunits, from the top: (1) foram- 
bearing nanno marl (0--7 m); (2) foram-bearing nanno marl with nanno- 
bearing marl (7--110 m); (3) similar but grading to calcareous clay and ash 
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and pyrite-bearing clay (110--210 m); (4) calcareous and ash bearing clay 
distinguished by the first appearance of siliceous microfossils. 
Volcanic ash layers occur sporadically in the upper 110 m but increase in 
frequency down section until they constitute a dominant component near the 
base of the section. Several of the ash layers in the upper 150 m of section 
are sufficiently distinctive to be reliable lithostratigraphic marker beds, to 
confirm precise hole to hole correlation. 
Siliceous microfossils occur only in the top few meters and then not again 
until the base of the recovered section at Site 502. Biostratigraphic dating of 
sediment was therefore largely based on planktonic foraminifera nd calcare- 
ous nannofossfl datums (see Prell et al., 1980, for summary). Noteworthy 
foram datums identified are the first appearance (FAD) of Globorotalia trun- 
catulinoides to define the Pliocene--Pleistocene boundary at 51 m, last 
appearance (LAD) of Sphaeroideinellopis for the Early--Late Pliocene 
boundary (81 m) and the FAD of Globorotalia margaritae to define the 
Miocene--Pliocene boundary at about, 146 m. These levels were supported to 
within a few meters by the nannofossil datums e.g., Discoaster broweri FAD 
(Plio/Pleistocene) and Ceratolithus acutus FAD (Mio/Pliocene). 
Deeper at Site 502, the Amaurolithus primus FAD at 195 m provides a 
datum which has been assigned an age of 6.25 Ma (Haq et al., 1980). The 
base of the section is lowermost Upper Miocene: Radiolaria characteristic of
the Ommtartus antepenultimus zone were found below 211 m. 
Ana ly tical procedure 
A description of the HPC technique can be found in Prell et al. (1980). A 
full core is nominally 4.5 m long but shorter lengths are obtained when the 
coring device does not extend fully in more cohesive sediments deeper in the 
section. After retrieval, each core is cut into sections of the standard 1.5 m 
length or less, starting at the top. The relative orientation of each section 
within a core was preserved; however, attempts to obtain core to core azi- 
muthal orientations were not successful. Immediately after routine handling 
and labelling, the core sections were delivered whole to the paleomagnetic 
laboratory onboard Challenger for measurement on a long-core spinner mag- 
netometer. The cores were then split and sampled for various purposes in the 
normal routine. 
The long-core spinner magnetometer onboard the ship is a commercially 
available, computer interfaced instrument similar to that described by 
Molyneux (1971). A core section is spun at approximately 7 Hz and the 
component of the natural remanent magnetization (NRM) in the horizontal 
plane (perpendicular to the core axis) is measured at successive levels. Each 
measurement usually was an integration over 26 spins and took approxi- 
mately 10 sec. The noise level of the magnetometer (2 X 10 -s total moment 
c.g.s.) was typically well below the sediment magnetization readings (greater 
than 1 X 10 -~ total moment c.g.s.) so that instrument sensitivity was not an 
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important limiting factor in obtaining a reliable record. The sensor geometry 
gives magnetization measurements integrated over several centimeters of 
core length but readings taken at 10 cm, the nominal stratigraphic interval 
used, are essentially independent. The sensor response function combined 
with the diameter of the cores indicates that the effective volume of sedi- 
ment contributing to a measurement is approximately 150 cc. 
Although rapidly and easily obtained, the long-core measurements do not 
give information on the vertical component of magnetization or can the 
stability of the sediment magnetizations be adequately assessed. Conse- 
quently, we also investigated the total magnetization of discrete samples, at 
least one from each core section after splitting, by measurement on a con- 
ventional sample spinner magnetometer. The sample magnetization declina- 
tions are referred to the same orientation line as the long-core measurements; 
the remanent inclinations are calculated with the usual assumption that the 
drill core axis is vertical. Together with progressive alternating field demag- 
netization experiments, the discrete sample data provide a check on the 
validity and reliability of the long-core measurements and aid in the inter- 
pretation of a characteristic magnetostratigraphic re ord. 
Diagrams illustrating AF demagnetization behavior of a few representative 
samples are shown in Fig.1. In sample 16A-3, 22 cm the demagnetization 
trajectory proceeds directly toward the origin from the NRM, that is the 
magnetization directions are essentially the same before and after demagne- 
tization and there is only a progressive decrease in remanent intensity with 
higher demagnetization levels. The inclination is positive and in this case 
conforms to the expected ipole value of about ÷ 22 ° for the site latitude; 
thus the sample records a normal polarity. Sample 16C-2, 109 cm shows an 
initial trajectory away from the origin. With demagnetization to higher fields, 
the more stable component of magnetization has a shallow, negative inclina- 
tion. The sample NRM is therefore interpreted to record a reversed polarity 
with a small normal polarity overprint of presumed viscous origin. 
The determination of polarity based on inclination becomes increasingly 
more difficult with depth in section, particularly below about 130 m, due to 
nearly horizontal magnetizations. Demagnetization data show that the very 
shallow inclinations are a characteristic feature of these samples, carried over 
a broad spectrum of coercivities (e.g., 46A-1, 41 cm and 63A-1, 88 cm). We 
suspect hat in situ sediment compaction may be responsible for the progres- 
sive shallowing of the magnetization directions. A unique opportunity to test 
this hypothesis is at hand with these virtually undisturbed sediment cores 
since the measured physical properties which are more likely here to be 
representative of in situ conditions than in rotary drilled sediment, can be 
directly compared to changes in sediment magnetic properties. 
It is nevertheless clear from these analyses of discrete sample magnetiza- 
tions that the long-core measurements of the horizontal component of NRM 
alone are generally representative of the stable direction of magnetization of 
the sediment. Low coercivity magnetizations of secondary origin are typically 
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Fig.1. Representative vector end-point diagrams of progressive AF demagnetization of 
NRM of samples from Site 502. Solid (open) circles are projections of remanent vector 
end-point on horizontal (vertical) plane. Orientation of horizontal X axis is arbitrary be- 
tween samples from different cores. Magnetization units on axes in 10 -6 G (10 -3 A m -1). 
Numbers adjacent to end-point symbols are AF demagnetization levels in Oe (10 I mT). 
small and do not  appreciably def lect the NRM away from the orientation of 
the stable component ,  particularly since they are also generally aligned along 
the same axis. Due to the low latitude of the site, reversals in magnetizat ion 
polarity are most  readily seen as 180 ° shifts in declination within a core. The 
closely spaced long-core measurements can thus be used to locate magnetiza- 
tion reversal levels rapidly and with good precision. The inclinations obtained 
from the less numerous discrete sample measurements help to resolve the 
polarity ambiguity in these azimuthal ly unoriented cores but only in about 
the upper half of  the recovered section. In the lower half of  the section, the 
discrete sample measurements gave little additional information than already 
obtained from the whole core measurements because the inclinations lie 
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virtual ly in the hor izontal .  The shallow incl inations contr ibuted to our 
inabil ity to establish the sense of  magnet ic  polar i ty  below about  145 m. 
Composite magnetic polarity log 
The levels of reversals of  magnet izat ion polar i ty detected at each of  the 
holes at Site 502 are shown in Table I. The magnet izat ion reversals levels 
l isted are those which occur at 180 ° shifts in decl inat ion within individual 
cores and do not  include magnet izat ion reversals that  are suspected to occur 
between cores. In all cases, the 180 ° shifts in decl ination f rom the long-core 
TABLE I 
Subbot tom depths  (m)  to  magnetozone  boundar ies  ident i f ied  in  four  ho les  a t  S i te  502;  
age  o f  cor re la t ive  chrons  in  Ma modi f ied  f rom Mank inen  and  Da l rymple  (1979)  
Magnetozone  Age  502 502A 502B 502C 
boundary  
Brunhes /Matuyama 0 .73  - -  17 .1 - -17 .3  15 .3 - -15 .4  - -  
Ja rami l lo  
top  0.91 19.1--19.5 20.3--20.4 -- --  
bot tom 0.98 20.5--20.8 22.2--22.3 21.3--21.6 - -  
Olduvai  
top  1 .66  37 .9 - -38 .1  39 .6 - -39 .8  - -  - -  
bot tom 1 .88  - -  46 .8 - -46 .9  42 .2 - -42 .4  - -  
Matuyama/Gauss  2.48 60.1--60.3 - -  - -  55.5--55.7 
Kaena 
top  2.92 -- 78.1--78.2 73.5--73.8 67.3--67.5 
bot tom 2.99 -- 79.6--79.9 75.4--75.5 70.1--70.4 
Mammoth  
top  3 .08  80 .5 - -80 .7  83 .4 - -83 .5  79 .1 - -79 .3  73 .7 - -74 .1  
bot tom 3 .18  82.5--82.7 -- --  --  
Gauss /G i lber t  3 .40  89 .3 - -89 .6  91 .7 - -92 .1  --  --  
Coch i t i  
top  3 .86  105.3 - -105 .4  - -  - -  100 .9 - -101 .2  
bot tom 3 .95  108.9 - -109 .1  - -  - -  104 .8 - -105 .0  
Nun ivak  
top  4 .08  - -  117 .0 - -117 .2  - -  109 .5 - -109 .6  
bot tom 4 .21  - -  120 .3 - -120 .5  - -  112 .5 - -112 .7  
C1 
top  4 .35  - -  - -  - -  117 .8 - -118 .0  
bot tom 4 .43  124.8 - -125 .0  - -  - -  121 .1 - -121 .7  
C~ 
top  4 .52  128.0 - -128 .2  - -  - -  - -  
bot tom 4 .71  - -  135 .2 - -135 .3  - -  - -  
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measurements have been verified by individual sample measurements a  repre- 
sentative of the stable component of magnetization. In many cases, particu- 
larly in the upper 120 m of section, the sense of the polarity change, either 
from normal to reversed or reversed to normal, can be reasonably deter- 
mined from nearby sample inclinations and the behavior of the NRMs during 
progressive AF demagnetization. The determination of polarity is more prob- 
lematical between 120 m and 145 m and we relied more heavily on the con- 
sistency of inferred polarities between holes and the overall consistency of 
the composite magnetic polarity log at the site with the known record of 
geomagnetic reversals in the time interval constrained by biostratigraphic 
information. By these methods it was possible to construct a composite 
magnetostratigraphy for Site 502 to a depth of approximately 145 m, near 
to the level of the Miocene--Pliocene boundary. Although a few polarity 
reversals were detected below this level, we have not yet found it possible to 
interpret he polarity stratigraphy because of the ambiguity of samples with 
shallow inclinations and because of gaps in the magnetic record caused by 
poorer recovery and sediment deformation during coring. 
Assuming that a complete section of Plio-Pleistocene sediments is 
present at Site 502, as indicated by the biostratigraphy, it is possible to cor- 
relate the stratigraphic sequence of magnetozones with the known record of 
magnetochrons in this time interval. Although the interpretation of magneto- 
zones within each hole is to some extent dependent on the integration of 
paleomagnetic data from all four holes, we in retrospect indicate in Table I 
the likely correlation of magnetozone with magnetic chron and subchron 
boundaries for convenience of discussion. 
In presenting a composite magnetostratigraphy diagram for Site 502 
(Fig. 2), we uniformly adjusted the measured eclination directions within 
each entire core by setting their mean to either 0 ° or 180 °, according to our 
interpretation of the polarity, normal or reversed. We emphasize that because 
of the absence of reliable relative azimuthal orientation of the cores and 
because of the difficulty in resolving the polarity within many cores from 
the sample inclination values, particularly at deeper levels in the section, the 
interpretation of polarity in any core may not be unique. For this reason we 
delimit the core intervals in Fig.2, alternative interpretations of the magneto- 
stratigraphy are possible by simply readjusting the declinations of any core 
by 180 °. However, we have reason to believe that the interpretation we pre- 
sent in Fig.2 is the most consistent with all the paleomagnetic and biostrati- 
graphic data available. 
There are nineteen polarity reversals that define the well-established suc- 
cession of normal and reversed polarity intervals in the Plio-Pleistocene. 
Between 6 and 12 of these are recorded within cores as 180 ° shifts in decli- 
nation at any individual hole at Site 502. The remaining polarity transitions 
we would expect o find in each hole are apparently missing because of either 
poor data related to core disturbance or lack of core recovery across critical 
levels in the sediment column. Nevertheless, all nineteen polarity transitions 
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are recorded taking the four holes at Site 502 together and most are found in 
at least two holes (Table I). Identification of the same polarity transitions in 
two or more adjacent holes is the basis of developing a composite magneto- 
stratigraphy for Site 502, comprised of overlapping segments from various 
holes for the upper 145 m of section. 
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It; should be noted that the sub-bottom depths to what we consider to be 
correlative magnetostrat igraphic or izons are often offset by as much as 
10 m among the adjacent holes at Site 502. We ascribe at least a major por- 
t ion of these offsets to the rather crude method  employed to measure the 
drill string (with meter stick and chalk mark) and hence the cored intervals, 
on the ship. Admittedly  the problem of inconsistent subbot tom depths 
amongst the individual holes adds another undesired degree of f reedom 
that must be taken into account  in establishing a composite magnetostrati-  
graphic section for Site 502. On the other hand, it is unlikely that a com- 
plete magnetostrat igraphic section could have been developed wi thout  
multiple holes at the site. 
DISCUSSION 
Several features of  this composi te magnetostrat igraphy for the Plio-- 
Pleistocene sediments at Site 502 are worth mentioning. 
Sediments of  normal polarity, which we correlate to the Brunhes, extend 
to about 17 m. The magnetic data are of high internal consistency which 
attests to the undisturbed quality of  core material the HPC is capable of 
obtaining even in these very unconsol idated sediments at the top of the 
section. 
The predominant ly  reversely magnetized section between about 17 m and 
60 m, which we correlate to the Matuyama, is punctuated by several zones 
of  normal polarity. The longest of  these, between about  19.5 m and 21.5 m, 
and between about 38.0 m and 45.0 m, are correlated to the Jaramillo and 
Olduvai, respectively, which are the prominent  normal polarity intervals 
typically seen within the Matuyama. The additional, short intervals of 
normal  polarity we observe here within the Matuyama however are less 
commonly  seen. For example, in the vicinity of the Jaramillo there are at 
least two zones less than 50 cm thick in which normal magnetizat ions in a 
number  of adjacent levels are observed, centered at about 18 m and 24 m. 
Fig.2. Composite magnetostratigraphy for four holes at Site 502. Columns from the left : 
(1) geomagnetic reversal time-scale from LaBrecque t al. (1977) with ages (Ma) corrected 
after Mankinen and Dalrymple (1979); (2) log of magnetozones and submagnetozones 
interpreted at Site 502, filled (open) bar indicating predominantly normal (reversed) mag- 
netization polarity; (3) depth in section based largely on Hole 502; (4) cores used in 
assembling composite, suffix (none, A, B, C) to core number indicating hole (502, 502A, 
502B, 502C); (5) NRM declinations measured with long-core spinner magnetometer on
cores from Hole 502 (small open circles), 502A (open triangles), 502B (open squares) and 
502C (x's). Filled circles are discrete sample NRM measurements and those encircled are 
directions after AF demagnetization, both with numbers indicating measured inchnatlon 
values. The declinations within each core have been uniformly shifted to lie approximately 
0°--.180 ° axis, depending on polarity interpretation. Only magnetic measurements from 
sedimentologically disturbed core intervals are not plotted; (6) remanent intensities 
measured with long-core magnetometer, assuming a sediment volume of 150 cm 3 contrib- 
utes to signal at each measured level. 
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The significance of such features is usually questionable, and they can often 
be dismissed as some form of magnetization noise since they are not consis- 
tently found. Although we cannot be certain that the short normal polarity 
zones observed here are not due to remagnetization r local sediment distur- 
bance, an interpretation as records of short period geomagnetic reversals or 
excursions is suggested by their presence at roughly corresponding strati- 
graphic levels in two holes, and by corroborating demagnetization a alyses 
from discrete samples. We speculate that the short normal magnetozone at
18 m may record the same paleomagnetic feature described by Watkins 
(1968) as occurring between the Brunhes and the Jaramillo in several deep- 
sea sediment cores while the normal magnetozone at 24 m, just below the 
Jaramillo, may be correlative with the Cobb Mr. subchron at 1.1 Ma of 
Mankinen et al. (1978). The spotty occurrence worldwide of such short 
polarity intervals may be due to limited geographical extent of the respon- 
sible geomagnetic anomaly (Harrison and Ramirez, 1975) or because of poor 
resolution in the more slowly deposited sediments that are typically studied. 
High-resolution records from other areas will be needed to resolve the 
problem. 
A complete record of the Olduvai was not obtained because of poor core 
recovery. Our identification of the top of the Olduvai s fairly unambiguous 
but the location of the base is somewhat complicated by the presence of 
short normal polarity intervals that may represent he Reunion subchrons 
(Gromme and Hay, 1971). For example, the reversal near to the top of core 
12A (Fig.2) may just as well represent a feature similar to that observed 
lower in the same core, rather than the base of the Olduvai as we surmise. 
The lack of a complete magnetic record in this part of the section is unfor- 
tunate because it includes the Plio--Pleistocene boundary. 
The section between 60 m and about 99 m is predominantly of normal 
polarity and contains the two reversed intervals, the Kaena and the Mammoth, 
which are characteristic of the Gauss. The long-core record of the upper 
reversed interval (Kaena) was noisy which we attribute to a sharply reduced 
magnetization i tensity compounded by larger low coercivity components. 
Partially demagnetized discrete samples however confirm the presence of 
stable magnetizations of reversed polarity in this interval. The record of the 
Mammoth was by contrast unremarkable. 
The underlying section of predominantly reversely magnetized sediments 
is correlated to the Gilbert. We do not see the base of the Gilbert and the 
polarity transition into Chron 5. The remanent directions become grossly 
scattered starting at about 142 m, preceded by a well-marked trend of de- 
creasing remanent intensities from about 138 m to 142 m. 
All four subchrons of the Gilbert reversed chron are apparently recorded 
although the interpretation of polarity in individual cores is somewhat more 
tenuous in this part of the section because of shallower inclinations. A major 
stratigraphic aid in correlating the holes is the very distinctive volcanic ash 
doublet at approximately 132 m. The top and base of the lower magneto- 
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subzone (C2) of the Gilbert are recorded in different holes (Table I); our 
assignment of these magnetization polarity reversals as the limits of the C2 
magnetosubzone is largely based on the correlation of the ash doublet be- 
tween Hole 502 and 502A. 
Scattered irections and low remanent intensities persist from 142 m to 
approximately 164 m. The cause of the poor record is not clear but we spec- 
ulate that some lithological change during the latest Miocene (Messinian?) 
was somehow responsible. The internal consistency of the paleomagnetic 
data improves below 164 m to the base of the recovered section but few 
reversals are detected. 
We have not found it possible to interpret polarities with any degree of 
confidence to any part of the section below 142 m, even utilizing discrete 
sample measurements. 
Sedimentation rates 
A plot of subbottom depths to magnetozones identified at Site 502 with 
respect o the age of their correlative magnetochrons and subchrons i shown 
in Fig.3. The slope of the line drawn through the points is a measure of the 
sedimentation rate for a given interval. The regular nature of the sedimenta- 
tion rate plot tends to support our interpretation of the magnetostratigraphy 
of Site 502. 
Sedimentation rates generally increase with depth in section, from about 
24 m/m.y, during the Brunhes and Matuyama, 32 m/m.y, during the Gauss, 
and 36 m/m.y, in the Gilbert. At the level of resolution of subchrons, sedi- 
mentation rates vary from about 17 m/m.y., in the reversed interval between 
the Brunhes and the top of the Jaramillo, to 45 m/m.y, within subchrono- 
zones C1 and C2 of the Gilbert. 
The position of the A. primus datum (-~6.25 m.y.: Haq et al., 1980) at 
195 m indicates that the average sedimentation rate continues to increase 
slightly, to about 38 m/m.y., in the interval between the base of C2 (137 m) 
and that level. The biostratigraphic information also suggests that perhaps as 
few as four polarity transitions, those defining Chron 5 and subchron A, are 
expected to occur in the interval 143 m and 195 m. This could help explain 
why so few magnetization reversals are detected within cores from this part 
of t:he section. 
Comparison with other deep-sea sections 
The published inventory of fossiliferous Plio--Pleistocene deep-sea sedi- 
mentary sections which have reliable magnetostratigraphic control is sur- 
prisingly small and unevenly distributed, considering that the biochronology 
in this time interval is based largely on correlation to the magnetic reversal 
time-scale. Fig.4 shows a comparison of what can be considered to be the 
best available core records that have been used for direct correlation of 
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Fig.3. Subbottom depth to magnetozones at Site 502 plotted against the correlative 
portion of the geomagnetic reversal time-scale of LaBrecque et al. (1977)with corrected 
ages modified from Mankinen and Dalrymple (1979). Tie point near base of section (A. 
primus FAD) based on correlation of biostratigraphic datum to reversal sequence lse- 
where (Haq et al., 1980). 
calcareous biostratigraphy and magnetostratigraphy, with the section at 
Site 502. 
An obvious feature is that the piston core records are inherently more 
compressed, and consequently the degree of temporal resolution is re- 
duced, with greater sediment age. The thickness of the Brunhes (17 m) at 
Site 502 is not particularly noteworthy and several biostratigraphically 
useful cores penetrate through the Brunhes/Matuyama boundary at com- 
parable depths, for example, the 12 m record of the Brunhes in V28-238 
provides the principal chronology of Late Pleistocene oxygen isotope stratig- 
raphy (Shackleton and Opdyke, 1973), On the other hand, some of the 
longest and most complete records of the Matuyama (e.g., V28-239 with 





















































































































































































































































































































































































































































































































only a small fraction of the length of record available at Site 502 (42.5 m for 
Matuyama and 29.5 m for the Gauss). A similar disparity exists for the few 
records available of the Gilbert, for example, 7 m in RC12-66 compared with 
50 m at Site 502. 
It is therefore clear that the greatly expanded, well dated Plio--Pleistocene 
section at Site 502 offers an opportunity to refine the direct calibration of 
calcareous fossil datums with the paleomagnetic record. Site 502 also 
complements existing records of the Pliocene which are predominantly from 
the Pacific. In the Atlantic, there are hardly any piston cores which pene- 
trate even into the Gauss (e.g., V12-18 and V16-205) and the magnetostrati- 
graphically-controlled record at Site 502 will allow more detailed and ex- 
tended comparisons of Late Neogene sedimentation and biotic history be- 
tween the two oceans. 
But the major advantage of the expanded Plio--Pleistocene section at 
Site 502 is likely to be the ability to study paleoenvironmental variations 
recorded in the sediment over this entire time interval with the degree of 
time resolution and control heretofore possible only in the Late Pleistocene. 
It should for example thus be possible to characterize the frequency spec- 
trum of Pliocene paleoclimatic variations, as reflected in oxygen isotope 
fractionation and carbonate contents, to adequately test the applicability of 
the Milankovich hypothesis of climate change for pre-Late Pleistocene time. 
Presently, the stratigraphically ongest detailed oxygen isotope records from 
the oceans extend to just below the Olduvai (V28-239: Shackleton and 
Opdyke, 1976). Although it has been possible to further extend the isotopic 
record to within the top of the Gilbert (V28-179: Shackleton and Opdyke, 
1977), the level of resolution was sufficient only to identify the onset of 
quasi-cyclic glacial--interglacial fluctuations at about 3 m.y. while the 
detailed character of the climatic record is inaccessible in these more slowly 
accumulated sediments. 
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